Abstract. To assess the effects of different transgene forms on integration efficiency, plasmids containing human growth hormone gene under the control of the metallothionein promoter (pMThGH) in circular, linearized forms and lyposome trapped linearized plasmid were introduced into fertilized loach eggs. Prior to microinjection, plasmids were identified for the presence of human growth hormone (hGH) gene by digestion with restriction enzymes (EcoRI, BamHI, BglII) and by polymerase chain reaction (PCR). The linearized form of pMThGH was generated by digesting circular plasmids with BamHI. Liposome trapped linearized plasmid was prepared in the presence of dioleyl phosphatidyl choline, cholesterol and pMThGH. The presence of hGH genes in the genomic DNA of loach developed from microinjected eggs was identified by a PCR method using two hGHspecific primers. PCR products of the positive individuals showed one band corresponding to 479 bp, while those of negative and control individuals showed no corresponding band. Integration rates of hGH genes into fish chromosomes were 6%, 12% and 11% for circular, linearized plasmids and lyposome trapped linearized plasmid, respectively. In accordance with above order, the average body weight of transgenic loach at 6 months was increased by 1.63, 1.73 and 1.68 times over controls, respectively. The results indicate that plasmids in linearized form and lyposome trapped linearized plasmid were more efficiently integrated into loach chromosomes than circular ones, but there was little significant difference in body weight among the 3 groups of transgenic fish.
ish are comparatively easy to use in the experimental introduction of exogenous DNA. Since fish undergo external fertilization, the injected embryos do not require in vitro culturing of embryos and transferring of embryos into foster mothers. Another added advantage of the transgenic fish system is that eggs are numerous and quite large [1] . By microinjection many transgenic fish species have been generated: e.g. common carp [2] , rainbow trout [3] , salmon [4] , tilapia [5] , goldfish [6] [7] [8] , zebra fish [9] , medaka [10] , loach [11] , and channel catfish [12] . However, the integration ratio of transgene into fish chromosomes is very different, and varies from 3% [13] to 70% [14] . The reasons for this may be that the zygote nucleus of fish eggs is very small and not readily visible. Accordingly microinjection is only possible into an area of the nucleus, actually into the perinuclear cytoplasm. Since cell cytoplasm is richly endowed with both exo-and endonucleases, there is no doubt that most injected DNA is digested. By microinjection into the cytoplasm of fertilized eggs, Daniel Chourrout et al. [14] found a transformation rate of 10-30% with circular plasmids, and 60-70% with linearized plasmids. So the form in which the transgene is to be introduced, is clearly important. Recently, liposome-DNA complexes have become one of the most widely used vehicles to deliver DNA into cells. In liposomal formulation, DNA is condensed in the interior of invaginated liposomes between two lipid bilayers, rendering DNA less susceptible to enzymatic degradation. In the cells, DNA might be released from liposome-DNA complexes by anion molecules [15] . The question we addressed was what form of the desired foreign gene is the most suitable to enhance integration of the foreign gene constructs into fish chromosomes. To evaluate the effects of trangene forms on integration rate, plasmids containing human growth hormone gene under the control of the metallothionein promoter (pMThGH) in (i) circular form, (ii) linearized form, and (iii) liposomes trapped linearized pMThGH were used to introduce the hGH gene into fertilized loach eggs by microinjection.
Materials and Methods

Reagents
Restriction enzymes (EcoRI, BamHI, and BglII) and PCR kit were purchased from Boehringer Mannheim (Germany). Two hGH gene specific p r i m e r s ( f o r w a r d p r i m e r P 1 5' -AAGCGTCACCACGACT-3' and reverse primer P 2 5'-AAAAGCCAGGAGCAG-3') were provided by GENSET (Singapore). Holtfreter's solution and trypsin were provided by Sigma (USA), and bactotryptone and bacto yeast extract by Difco (USA). All other reagents were of analytical grade unless otherwise stated.
Preparation of the plasmid pMThGH in different forms
The recombinant plasmid pMThGH harbouring the human growth hormone gene under the control of the mouse methallothionein promoter was obtained from Prof. Zhu Zuoyan, Institute of Hydrobiology, Wuhan, China (Fig. 1a) . It consisted of 1.5 kb of hGH gene, 2.0 kb of the mouse MT-1 gene promoter and 4.4 kb of pBR322. First, the plasmid DNA was introduced into E. coli DH5α, then amplified, isolated and purified in large quantity by the procedure described by Sambrook et al. [16] . The plasmid DNA was identified by digestion with restriction enzymes EcoRI, BamHI, and BglII and by PCR. The plasmid DNA forms for microinjection were circular, linearized, and in phospholipid liposome encapsulated linearized pMThGH. The recombinant pMThGH DNA was linearized at the site of BamHI by restriction enzyme digestion. Liposome was prepared according to Delattre et al. [17] , in the presence of pMThGH, dioleyl phosphatidyl choline and cholesterol in the volume ratio of 2:5:3, respectively. The preparation of trapped pMThGH was washed by centrifugation then dried by nitrogen gas, twice. The excess of DNA, not trapped in liposomes, was eliminated by centrifugation 3 times at 14000 × g for 1 h. The efficiency of pMThGH-trapped in phospholipid liposomes was determined by a fluorescence labelling method. The trapping yield was measured by the ratio of fluorescence intensity of sediment to the total of fluorescence.
Preparating eggs and sperms
Parental loaches for collection of eggs and sperms were purchased from local markets in Hanoi. For collection of loach eggs and sperms, parental loaches were stimulated by injection of a homogenated carp pituitary at a dose of 0.5 carp pituitary/female and 0.25 carp pituitary/male. The artificial fertilization was performed as described previously [6, 7] by mixing at a ratio of 100 eggs/100 µl sperm. The chorion membranes of the fertilized loach eggs were removed by treatment with 7.5 × 10 -4 trypsin solution (w/v) for 1 minute. The naked eggs were transferred into fresh Holtfreter's solution and divided into groups for microinjection with the different forms of plasmids.
DNA microinjection
Microinjection was carried out under a reverse microscope (Olympus) with a micromanipulator system. One to two nanoliters of DNA solution (40 µg/ml) were microinjected into the central part of germinal disc of a fertilized egg at the one-or fourcell stage. The loach embryos and fries were fed under laboratory conditions.
PCR amplification
Polymerase chain reaction was carried out on a thermal cycle machine MJPTC-100 (USA) to detect the presence of a 479-bp fragment of the hGH gene in the genomic DNA of microinjected loaches. PCR amplification was accomplished in 25 µl of reaction mixture, which contained 50 ng genomic DNA, 15 pM of each primer, 100 pM of each dNTP, 10x PCR buffer, and 0.2 unit of Taq polymerase. The PCR reactions were carried out with a denaturation cycle at 95 C for 2 min, 28 followed by cycles of denaturation step at 95 C for 1 min, an annealing step at 37 C for 1 min, an extension step at 72 C for 45 sec, and a last extension cycle at 72 C for 4 min.
Results and Discussions
Preparation of the hGH gene construct for microinjection
To introduce the hGH gene constructs into loaches, plasmids containing hGH gene under the control of the methallothionein promoter in circular form, linearized form, and liposome-trapped linearized pMThGH were prepared. Plasmids were amplified in E. coli DH5α strain and then extracted. The yield of pMThGH was about 18.6 mg/l culture medium. The OD 260 :OD 280 ratio was 1.83 indicating that the preparation was free of protein and phenol. The plasmid preparation was identified by digestion with EcoRI, BamHI, and BglII. As shown in Fig. 1b , a 7.9 kb fragment was obtained by digestion with BamHI and BglII (lane c and lanes e, and f, respectively). By digestion with EcoRI, two fragments of 3.5 kb and 4.4 kb were generated (lane d). The results of digestion with the restriction enzymes were in agreement with the restriction map of pMThGH. Additionally, the plasmid was identified by PCR using two hGH gene-specific primers. The PCR products using pMThGH as a template revealed one DNA band corresponding to 479 bp (Fig. 2 lane b) showing that the plasmid preparation for microinjection harbored the hGH gene. The third form of the hGH gene construct was a complex of liposome and linearized pMThGH. The trapping efficiency of linearized pMThGH into liposome was 80-90%, and the mean diameter of liposomes (100-130 nm, estimated under electron microscopy) was an appropriate dimension for the transportation to the cells.
Production of embryos and transgenic loaches
To produce large amounts of embryos at the onecell stage for microinjection, the eggs and sperms were collected and then fertilized artificially. Embryos at the one-cell stage were formed after 30-40 minutes of fertilization. The chorion membrane of fertilized eggs becomes thick and tough and obstructs the finding of the exact location for the glass micro-needle point into the embryos. The chorion membrane was removed by digestion with trypsin at a concentration of 7.5 × 10 -4 (w/v) for 1 minute. The hatching and survival rate of 3-day fries from trypsin-treated eggs were 80% and 94%, respectively, while those from non-trypsin treatment were 86% and 100%, respectively (data not shown). This result shows that the removal of the chorion membrane by trypsin digestion does not affect the hatching and survival rate of loach embryos. The three forms of the hGH gene construct were introduced into fertilized loach eggs by microinjection. As the zygote of nucleus of the fish egg is very small, microinjection is only possible into an area of the nucleus, the perinuclear cytoplasm. Since all cytoplasm is richly endowed with exo-and endonuclease the liposome trapped plasmid will be able to protect DNA from d i g e s t i o n . T h e a m o u n t o f D N A s o l u t i o n introduced into each egg was about 1-2 nl, equivalent to 2 × 10 4 gene copies. The survival rate of the microinjected eggs ranged from 12.0 to 16.3%.
Identifying and evaluating the integration rates of hGH gene in loach genome
To identify the presence of the hGH gene in the host genome, total genomic DNAs were extracted from the pectoral fin of the loaches and used as templates for a polymerase chain reaction using two hGH-specific primers. The OD 260 :OD 280 ratio of the total DNA samples ranged between 1.75 and 1.80 showing that the preparations were free of proteins and RNAs, and of good quality for PCR. The electrophoresis pattern of PCR products using different DNA templates is shown in Fig.2 . Using pMThGH as a template, the PCR products appeared as one thick band corresponding to 479 bp (Fig.2, lane b) . From the microinjected loaches a corresponding but broader band was also observed (Fig.2, lane c and d) . The PCR products of negative controls and individuals showed no corresponding band (Fig.2, lane e) . The results indicate that the human growth hormone gene was integrated into chromosomes of the loach. The integration ratio was considered as the numbers of positive individuals per numbers of loaches developed from microinjected eggs. Under our experimental conditions, the integration rates of the hGH gene into loach chromosome were 6%, 12% and 11%, with the circular form, linearized form, and l i p o s o m e s t r a p p e d l i n e a r i z e d p M T h G H , respectively (Table 1) . These results were in agreement with those already reported in the literature [1, 11] . The linearized plasmids were more efficiently integrated into loach chromosome than circular ones, however no significant differences in integration were detected between free linearized plasmids and linearized plasmidencapsulated liposomes. The results could be explained by the fact that most of the trangenes were integrated as concatamers or polymers at late stages of host egg embryogenesis. The linearized form of foreign DNA facilitated the conversion of monomers to concatamers or polymers. Plasmids in liposome forms did not improve integration frequencies. As shown in Table 1 , the integration rate with liposome trapped pMThGH was slightly lower than that of the linearized form. This may be due to the fact that the uptake mechanism of plasmid into the genomic DNA can be inhibited by a high concentration of DNA. [18] . The average body weight of the transgenic loaches at 6 months of age was 1.63 to 1.73 times higher than those of the control group ( Table 2 ). The effect on enhancement of body weight was most likely due to the biological influence of the human growth hormone genes which were integrated and expressed in the host loach organisms. There is evidence that the transcriptional activity of mouse metallothionein (MT) promoter is inducible by the heavy metal cadmium which is found in most foodstuffs (1.0-50 µg Cd/kg) and water (1.0 µg Cd/ l). Once cadmium has been taken up from the enviroment, it is transported and accumulated in the liver and kidney where it induces expression of GH. It was suggested that the expression of ectopic GH promoted g row th only at l ow expression levels [19] . A slight difference in the average body weight between the three transgenic groups injected with the different forms of plasmid was observed. The average body weight of transgenic loaches for the linearized plasmid was the highest. Experiments are in progress to determine if there are differences in expression levels of hGH of the different transgenic groups. P l a s m i d s h a r b o u ri n g t h e h G H g en e fo r microinjection were amplified, purified, and identified by restriction enzyme (EcoRI, BamHI, and BglII) and PCR. To evaluate the effects of different forms of trangenes on integration efficiency in the loach, plasmids in (i) circular form, (ii) linearized form, and (iii) liposomes trapped linearized pMThGH were prepared and introduced into fertilized eggs by microinjection. Analysis by PCR demonstrated the presence of hGH in the genomic DNA of the hatched loach, and the integration rates of hGH into fish chromosomes were 6%, 12% and 11% by the circular form, linearized form, and l i p o s o m e s t r a p p e d l i n e a r i z e d p M T h G H , respectively. Plasmids in linearized form were more efficiently integrated into loach chromosome than circular ones. Protection of foreign DNA by trapping into liposome did not improve the integration frequency. The transgenic loach were 1.63 to 1.73 times heavier than their sibling controls. Weight ratio is defined as the ratio of the average body weight of the trangenic loaches to the average body weight of the control ones. Integration rate is defined as the ratio of the number of positive loaches to the total number of the tested loaches developed from injected eggs at the age of 6 months.
